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3. Results and discussion 
3.1. Effect of temperature and strain rate on LCF behavior 
Effect of temperature and strain rate on the cyclic stress response curves are shown in Fig. 2 (a) and (b) 
respectively. The weld joint generally exhibited a very rapid strain hardening to a maximum stress followed by 
a nearly stable peak stress. However, it was observed that whereas at room temperature (Fig. 2(a)), there was a 
gradual increase in the peak tensile stress, that at temperatures such as 823 K and 873 K, large and rapid 
increment in the peak tensile stress values was attained. The overall stress response values increased as the 
strain rate was decreased from 3×10-3s-1 to 3×10-5s-1 (Fig. 2(b)). Also, fatigue life decreased with an increase in 
the test temperature (Fig. 2(a)) and decreased with a decrease in strain rate (Fig. 3 (a)). Stress range showed an 
increase with decreasing strain rate (Fig. 3 (b)) but no trend was observed for the plastic strain range with 
decreasing strain rate (Fig. 3(c)). The stress range and plastic strain range were obtained from stable hysteresis 
loops. Negative strain rate stress response, the initial brief hardening, and lowering of fatigue life, decrease in 
platic strain range and increase in stress range at half-life with decreasing strain rate have been correlated to 
dynamic strain ageing operating at 823 K and is caused by the interaction between dislocations and solute 
atoms in this alloy [4]. A continuous decrease in fatigue life with a decrease in strain rate and increase in 
temperature in the base metal has been reported to occur due to DSA under conditions where the effects of 
oxidation and creep were non-existent [5]. An increase in dislocation density with reduced strain rate was 
reported earlier in this material at 773 and 823K [5]. It was pointed out that DSA would enhance the degree of 
inhomogeneity of deformation during LCF by the solute locking of slow moving dislocations between slip 
bands. Presumably, the dislocation velocities inside the slip bands were too high for dynamic ageing of mobile 
dislocations to take place and consequently DSA enhanced the partitioning of strains into separate regions 
characterized by high and low amplitudes of dislocation movement. During DSA, slow moving dislocations 
become aged by the solute atmospheres and additional dislocations were generated to maintain the imposed 
deformation rate. This process caused an increase in the total dislocation density. The negative strain rate 
dependence of cyclic stress response over the temperature and strain rate range where DSA operated resulted 
from an increase in total dislocation density during deformation. The matrix was hardened during DSA, 
causing an increase in flow stress needed to impose the same total strain during successive cycles. Other 
manifestations of DSA such as serrations on the stress strain hysteresis loops were not observed in this alloy at 
823 K. 
 
(a) (b) 
Fig. 2. Effect of temperature (a) and strain rate (b) on the cyclic stress response curves of 316 LN weld joint. 
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(a) (b) (c) 
Fig. 3. Effect of strain rate at constant temperature on fatigue life (a) stress amplitude (b) and plastic strain range (c) obtained from stable 
hysteresis loops. 
3.2. Failure location and failure mode 
In order to evaluate the failure location under various testing conditions, the longitudinal section of the 
failed samples were analysed to study the microstructure near the fractured surface. It was found that at both 
room temperature and 823 K and at the three strain rates, the samples failed in the weld metal region (Fig. 4 (a) 
through (c)). It was seen that at higher temperatures such as 823 K, microcracks formed at the austenite-į-
ferrite interface. Joining of these microcracks led to large cracks that resulted in final failure (Fig.5). Even 
though the fine duplex austenite-ferrite microstructure of the weld metal, with its many phase boundaries, 
offered a good resistance to the extension of fatigue cracks by causing deflection of the crack path (Fig. 5) than 
the coarser base metal, the final failure invariably occurred in the weld metal. This could be attributed to the 
reduced tensile ductility of weld metal. It is known that fatigue life is mainly governed by the tensile ductility 
of material. It is also observed that even though failure occurred in the weld metal, many secondary cracks 
were also present in the base metal, especially at lower strain rates (depicted in Fig. 6). The degree of 
intergranularity also increased with the decreasing strain rates. Total length of intergranular and transgranular 
crack length was measured on the specimen surface in the DSA regime such as 823 K. It was noticed that at 
823 K i.e. in the DSA regime, number of both transgranular and intergranular cracks increased with decrease in 
strain rate (Fig. 6) and very long cracks were seen (a consequence of crack coalescence) at low strain rates. 
Whereas at 3×10-3s-1 strain rate, the cracking mode was purely transgranular, that at 3×10-4s-1 strain rate the 
fraction of intergranularity was 0.19 and which increased to 0.36 at 3×10-5s-1 strain rate as a consequence of 
crack coalescence. As mentioned earlier, an increase in dislocation density with reduced strain rate was 
reported earlier in this material at 773 and 823K [5]. With the reduced strain rates, higher back-up stresses due 
to pile up of dislocations get generated near the grain boundaries leading to larger amount of microcracking.  
 
 
(a)    (b)    (c) 
Fig. 4. Effect of temperature such as room temperature (a), 823 K (b) and 873 K (c) at constant strain rate (3 x 10-3 s-1) on failure location 
of weld joint. 
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Fig. 5. Crack propagation along austenite-delta ferrite inte
Fig. 6. Crack propagation mode occurring in the weld met
4. Conclusions 
Signatures of dynamic strain ageing such a
lowering of fatigue life, lowering of plastic s
decreasing strain rate have been evidenced at 8
purely transgranular to mixed mode and the d
strain rate at the same temperature. Failure oc
metal. 
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